Contamination of Canadian barley samples by 3,15-diacetyldeoxynivalenol was detected by enzyme immunoassays combined with liquid chromatography and was confirmed by gas chromatography-mass spectrometry. This is the first reported natural occurrence of this mycotoxin. The barley was infected mainly with Fusarium graminearum. Deoxynivalenol, 3-acetyldeoxynivalenol, 15-acetyldeoxynivalenol, and zearalenone were also found.
Among the 8-ketotrichothecene mycotoxins produced by Fusarium spp., deoxynivalenol (DON) and nivalenol (NIV) are reported to occur in cereals worldwide together with the fungal estrogen zearalenone (ZEA) (10) . Acetyl esters of DON, namely, 3-acetyl-DON (16) and 15-acetyl-DON (1), and of NIV, namely, 4-acetyl-NIV and 4,15-diacetyl-NIV (7), have also been found as contaminants in grains. In western Canada, DON has been found in wheat (2) and DON, 15-acetyl-DON, NIV, and 4-acetyl-NIV (fusarenon-X) have been identified in cultures of Fusarium species isolated from various grains (3) .
The mycotoxin 3,15-diacetyl-DON was discovered in liquid cultures of Fusarium roseum ATCC 28114 in 1977 (19) , and its identity was later confirmed (4) . Trace amounts have since been found in cultures of Fusarium species isolated from North America (5) and New Zealand (8) . Here we report 3,15-diacetyl-DON as a natural contaminant of grain for the first time, specifically, as a contaminant of 1994 western Canadian (Manitoba) barley; the compound was detected by liquid chromatography (LC) fractionation and enzyme immunoassay (EIA) with cross-reactive antibodies. Other contaminants from Fusarium species were also detected.
EIA specificity pattern. Competitive direct EIA methods for 3-acetyl-DON (12), 15-acetyl-DON (14) , and ZEA (13) were used as described earlier. Acetyl derivatives of DON and NIV, namely, 3,15-diacetyl-DON, 3,7,15-triacetyl-DON, 3,4,15-triacetyl-NIV, and 3,4,7,15-tetraacetyl-NIV, were prepared by partial or total acetylation of DON and NIV and LC purification (14) . Table 1 EIA results are listed in Table 2 . DON (as the sum of DON, 3-acetyl-DON, and 15-acetyl-DON) was detected in all samples with the Ridascreen kit, with a maximum value of 24 g/g. The specific EIAs for 3-acetyl-DON and 15-acetyl-DON gave positive results for five of the seven samples at the 0.4-to 5.3-g/g range. ZEA was detected in the acetyl-DON-positive samples at levels of Ͻ0.5 g/g.
LC-EIA analysis. A portion (2 ml) of a methanolic barley extract, prepared as described above, was mixed with 3 ml of water and lyophilized. The residue was redissolved with 0.5 ml of methanol, solids were removed by centrifugation (1,200 ϫ g for 15 min), the supernatant was passed through a 0.22-mpore-size filter, and 40 l of the supernatant was injected into an LC system. Analytes were separated with a 125-mm-long, 4-mm-inside-diameter column (5-m diameter, C 18 phase) (Lichrospher RP-18; Merck, Darmstadt, Germany) and by isocratic elution with acetonitrile-water (30:70) at 1 ml/min. UV absorbance, monitored from 195 to 400 nm with a photodiode array detector, showed nonspecific absorbance at 220 nm for various sample components. LC eluate fractions were collected every 0.5 ml, diluted 1:6 with PBS, and assayed by the 3-acetyl-DON and 15-acetyl-DON EIAs. EIA standard curves were obtained by using acetonitrile-water (5:95) instead of methanol-water for dilution. EIA absorbance values for LC fractions were transformed to absorbance values relative to a negative control and plotted against time to obtain LC-EIA immunograms (Fig. 1) , in which toxin-positive fractions give an inverse peak. Immunogram peaks for fraction 15 (7.0 to 7.5 min), corresponding to the retention time of 3,15-diacetyl-DON, were observed in sample 52 by using both the 3-acetyl-DON and 15-acetyl-DON EIAs. Since both EIAs had roughly equal sensitivities for their parent toxins, the more pronounced peaks in the 3-acetyl-DON EIA immunograms, compared with the 15-acetyl-DON EIA immunograms, were consistent with the fourfold-higher cross-reactivity of 3,15-diacetyl-DON in the 3-acetyl-DON EIA. Similar results were obtained for four other samples. Together with identical retention times, these results gave strong evidence that the substance causing peaks in LC-EIA fraction 15 was diacetyl-DON.
Differences in the traces for sample 52 ( Fig. 1 ) obtained by the two EIAs for fractions 4 to 6 (1.5 to 3 min) reflected individual reactivities with DON (retention time, 1.6 min), 3-acetyl-DON, and 15-acetyl-DON in this sample, although these toxins were not resolved under the LC conditions. 3,7,15-Triacetyl-DON, 3,4,15-triacetyl-NIV, and 3,4,7,15-tetraacetyl-NIV were not detected in any barley samples.
Gas chromatography-mass spectrometry. Standards of 3,15-diacetylDON were derivatized with heptafluorobutyrylimidazole and assayed as previously described (3), and full-scan spectra were obtained ( Fig. 2A) to facilitate the choice of ions prior to selected-ion monitoring. Ions with m/z 290 and 302 were chosen, and in derivatized standards and derivatized barley extracts these ions cochromatographed (Fig. 2B) , confirm- ing the occurrence of 3,15-diacetyl-DON in barley and permitting its quantitation (Table 2) . Fusarium fungi. Samples for the present study were received from producers, grain companies, and elevator agents in Manitoba either for grade determination, for DON estimation, or as a part of a new crop survey. Representative subsamples of 100 barley seeds were surface sterilized, dried, plated onto potato dextrose agar, and incubated as previously described (2) . Fusarium species were identified according to the system of Nelson et al. (9) . The percentages of seed infected by various species are given in Table 2 .
Implications. Current toxicity data for 3,15-diacetyl-DON are insufficient to clarify the impact of its natural occurrence on food and feed safety. Intraperitoneal 50% lethal dose values for DON, 3-acetyl-DON, 15-acetyl-DON, and 3,15-diacetyl-DON in mice are cited in the literature as 43 to 70 (11, 16) , 49 (16), 113 (6) , and 145 (15) mg/kg of body weight, respectively. However, both 3-acetyl-DON and 15-acetyl-DON have higher oral toxicity (34 mg/kg) than DON (46 to 78 mg/kg) (6, 17) . These findings suggest that the oral toxicity of 3,15-diacetyl-DON may also be equal to, or higher than, that of DON. Additionally, interconversion of acetyl and hydroxyl forms may occur (18) . Toxicological studies and further surveys on the natural occurrence of 3,15-diacetyl-DON in cereals are necessary to provide information for risk assessment of this mycotoxin.
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